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© Recombinant ONA-derived bordetella toiin subumt analogs. 

@ The development of suiunits and suOunit analogs of the 
Bofdetena exotoxin by recorrtmant ONA techniques provides 
vaccme D'Oducts thai retain thee biological activity, are nighty 
immunogenic, and can conrer protection agamst disease 
challenge. Genet>cafry-engtneered modifications of the subunits 
can resuii in products that retain immunogen.cty. yet are free of 
enzymatic activity associated *»ih toxin of reacrogemoty. 
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Description 

RECOMBINANT DNA-OERIVED BOROETELLA TOXIN SU8UNIT ANALOGS 



iiBC^COU^d Z ' !*"9 • "/c n 



*.~S C*9SS"t "*.'?~Vt* Z'Z': 39$ " 3r* -.re^; 'o— ~- ra^- *r T 3" 9 S 3 3~ 3 : -S'-"* ■ 2~3*C33 3 1 3 32 S3. 

S4 src S5 cf Bo'cere-a exotoxin -n =, wrnout -osc" :o \;3 ! s-s w ' r colors i' heterrcccus 3'3:e : ns 
Mo'? r3^ ; C- 3*>v. -o<-o»-ca: , v-?'"'r n ee'9 3 Tooif-cat^crs of :**e s-turtts c'sviie 3 cass cf rr'oetq a toxin 
an^'-zzz havir-^ :^e caoab'My to e h c:t tcxin-rieutranzmo eveis of antcc-ces. arc to 39 s^sstar.i-ahy troo C f 
r 93Ct339 n, c ccr-cc^erts. Genetica ; iv-enc:neered 3 u c -j n : ! 3 can ~ e '--sec to czzjce subunit . ac 3 r 9' s i .vr.tcn 
have -"-vjr-ocertc e^-^acv arc a r e S'jsstart'a'tv '*?9 c' '9ac: 3C9"' , c 33"~oo ror ?s. 

~<-e 'an T0"09!9''3 axt'O'* -9^C'9S 3 COL'D 3* ' C » ^ S 9r00390 07 • **9 0 9 " 0 9 S 3? .5* 3-3 3393 93 3? 

3orc9'9''a. sue-", as 5. 09nuss : s 5 oa'ace^-jss s a'-o g o^cncnsect'ca Cthe r te'-^s 33 — ■ c n v js=3} to 
ces»c-ate Bord9te"a exotoxin a y e serussis toxin r=*x*i. lympnocytcsis-crcmotmg 'actor <*LP C "! and 
isfet-acttvatirg z'ote-n riAP'l 

'A^ocomc ccusn. re^a-ns a — aior cause of infant — crc'd:ty an- mc.-:a»ifv m —anv oars cf : k e world. 
Who 9 -cell a-r-otoMa rertuss.s vacstr.es rave orovioeo an ertec::ve -93ns 'or ocrt'cilog f-'s z sease. 
However. the -jse cf susn vaccines has seen cirectly cere a:ed with mid s de effects anc temccraiiy 'eated to 
mere severe, and occasionally 'atal. neurological events. 

Extensive everts rave been exoended m an effort to eliminate the harmful s<de-e*ects known to be 
assocatad with the current vaccines. These have resulted in the production and testing of acetMar vaccines, 
and m basic research m an efort to develop safer recombinant orcducts. A critical first steo toward cloning 
and deveioomg a recombinant DNA-denved vacc:ne was seauencmg of the pertussis toxin ooeron and 
subsecuem deduction of the ammo acid seauences ol the individual subumts. (Locnt. C. and Keith. J.M.. 1986, 
Science 232; 1258-1254; Locht et al. . 1985. Nucl. Acids Pes. U: 3251-3251 ; and Nicosia er_al_. 1985. Proc. Natl. 
Acad. So. USA 83: 4631-4535). 

Nicosia et al. (1997. Infect. Immun.. £5. 953-967) demonstrated that mRNA encoding each of suCun<ts Si. 
S2. S3. S4. and S5 cf Sordetel'a pe^ussis could be efficiently transcribed from the cloned genes <n E. coli . 
Aithougn they purported to snow h»gn levels of transection of the native pertussis toxin potycstronic 
message, the amount of proteins produced by direct expression was very tow or undetectable. Further, 'usion 
proteins which were subseauemty synthesized were incapable of elating any neutralizing or protective 
immune responses. 

Barren et al. (1987. Infect, immun.. £5: 1321-1323) demonstrated the expression of the Si suOunit as a 
fusion protein m E. coli . This fusion protein contains the first six ammo ac;ds of beta-galactosidase ?:ve ammo 
acids encoded by the pUC18 polyi'hker. foliov/ed by ammo acids 2 through 235 of the S1 subumt. The S1 fusion 
protem. produced in low amounts, had only about 25 0/ o of AOP-nbos?itranferase activity of authentic or native 
pertussis toxin. 

Lccht et al. (Abstract. Modern Approaches to New Vaccines. Cold Soring Harbor Laboratcry. Cold Spring 
Harbor, New York. Sept. 9-14. 1936) were able to express a 'usion protem containing ammo aods 2 th'oucn 
187 of the S1 subumt. They predicted that the construct would rot have toxic activity because they believed it 
lacked the NAO-bmding site associated with the AOP-nbosyitranferase. the enzymatic activity behevec to be 
resocnsible for the reactogemoty of the toxin. Subsequent experiments with ihts molecule indicated that :n ( s 
truncated species possessed essentially undiminished enzymatic activity. None of the wnewn cor %rt 
subunits or subumt analogs have the capability of eliciting toxm-neutra'-zmg 'eve's of ant-too-es are 
substantially free of enzymatic activity associated with reactcgeniciry. 

B'-.ef Cescription cl the F : cures 



F ; gure 1 'S a schematic representation cf 'he cistron order of 'he PTX cceron iP*icr art L::*' 3"- * p " n 
supra i The reg-ons marked Si. S2. S*i. S5 and S3 indicate the proposed cpen reading fames 'r* "°^e 
PTX subumts. The filled area |ust prior to each cistron denotes the putative signal seouence >e "?*;• ::on 
enzyme site immediately downstream ol each cistronic element mcxates the downstream reside: z* s-te -seo 
m the sufcdoning of that cistron into the expression vector The restriction enzyme site tocateo .-st -s.-re 
each signal seouence reg»on was utilized as the uostream restriction site 'or the succicnmg c' •■..i- --s n 
cistrcn mto the e*c f es$ton vectcr with an acprconate oi»godeoxvnucieotide imker to produce the a .'e 
PTX suoun-t with its signal seouence mtac:. The restriction erzvme site just ms : de tre e?c" "V-*9 - Y 
subgr.it open 'eadmg \-ame was used v.-.th an acprcor^e c zz 3ec^yr'jc:ect:ce <s ,ma .:"'-"> - ' 

'estr:ction site 'or tre subdon-rg cf cstrcn without 'ts ^^csded $«grai secue^ce ' : :■*":. :e J 
""tft-'cnvi-mature OT X subumt 
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figure 2 >s an SOS-oofyacrytamide gel and Western blot ol recombinant PTX suburbs Panel A lefi shows a 
Coomassie Brilliant Biue-s:amed gel o* the recombinant PTX subuntts produced tn measurable amounts, 
oanet A right is a Western blot of a oarat'el gel utilizing a rabbit polyclonal ann-PTX hvpe'immune serum PTX 
ndicates the tares containing commerciat-grade peMuss<s tcxm These results remonstrate that 
•ecomomant(r) si S2. S3 ana S5 wee ail produced m significant amours The Western z--z: shews :*-ar 'St is • 
'uiiy-crocessec *'om 'ts creororem scectes. 'S2 and rs5 are aarraiv accessed, and f Sj not sucstantracy 
accessed uncer :*e co^t'cns of 'e r *^entat:on. rSJ *.vas net cocuced n sufficient amo-jnr »o ce v»suaii;ed 
^anei 9 shc.vs :^e caa-jats a? eicress an as mo ihio~y : -mature 'eca~a^nant i>m» subu^ts T, ~ese -us-jnirs 
are ~ade n Sig.-vf.ca^t c-'a*:it es av* *he e.*c?3*:on a' *m5: 1-31 ;-:wm 

Figure 3 <s a Weste'n cct aemon$;.*v:ng The e^ect cf ucstream .«c*::i ng sequences an !"? eicesscn a* 
'S2. The details at the ' aure a r e c/v-e" :n the text 

Figure 4 <s an autcadiogra"* cf a SCS-coiyacry-iamide get aemcns::3t<">g AOP* r, bcsyitrans?e'3se aativitv at 
recombinant SI ^eca^Ci^ant Si '5C0 ng) t purified native certussis :a*»n it ugj. and react.-cn :/?r .vo*o 
<nc:viduailv reacted w»tn aa 1 . re "3nsdjc:n in the absence cf (-*°]NAC essentially as cescr aea av '.'an-^-o e: 
ai :994. J 3«ai C K em 2£? r.?- 55. '.Vest et 31 '=35. J =>ci Chem ZzO '~ZS- '--3:> ">e 33-a es v.e^ 5 
precipitated with caid trichloroacetic aoo. the precipitates suceated to SCS-^AGE ana ^asea.e-** 
autoradiography. The 'ad ; oactive band at 39 Kd is the transducm subunit which has been nbosyiated. Lane a 
-eactton buffer control: 'ane 6. native PTX; lane C. rSV 

Figure 5 is a g'aoh of radioimmunoassays showing immunogenics cf rSI and rS«* suSunits <n mice. V»ce 
were hypenmmunized with recombinant Si. methionyi rS4. native pertussis toxin (PTX). commercial pertussis 
vaccine, of excpient if-'MS); some preparations contained comolete Freund's, a3|uvant (CFA|. Sera were 
collected and dilutions we'e examined for their antt-PTX titer m a sol»d-ohase radioimmunoassay. 

Figure 6 is a g'ach demonstrating the immunoprotective potential of r$1 and rS4 »n mice agamst >c 
challenge with B. cer+uss'S . Details of the figure are given m the text. 

Figure 7 »s the oeouceo ammo acid seauence of rSi mutant deriving from expression of OPTXSH5A-3/4-W ;$ 

Figure 8A and 63 are graphs of ADP-nbosyltranfease and NAO glycohdrolase activity of recomomant analog 
SI. 

Figure 9 is an autoradiogram of a SOS-polyacrylamide gel of purified SI subunit proteins 
Figure 10 is an autoradiogram of a native, non-reducing, non-denaturing pofyacrylanmde gel of hoietoxms 
from the combination of native B oligomer with either recombinant Si/1 or recombinant S1/1-4 ™ 
Figure 1 1 is a photograph of celt monolayers examined for the presence of cefl clusters by light microscopy. 



SUMMARY OF THE INVENTION 

:$ 

The present invention provides a recombinant ONA molecule comonsing at least a portion encoding subun*i 
$1 of Bordetet'a exotoxin, or a fragment or derivative of said portion wherein said portion or fragment or 
derivative encodes a polypeptide having a biological activity which can (a) elicit toxin-neutralwng teve's cf 
antibodies and (b) '3 substantially free of reactogemc comoonents. The polypeptide S1 subunit. or suounit jc 
analogs thereof, comprises a major ecitooe known to be imoonant m providing immunoprotection agatnst 
pertussis toxicity. The toxm-neutraiizmg levels of antibodies provide immunoorotecnon against petussis 
toxicity. Site-specrfic mutagenesis results m an analog of subunit S1 which is substantially rac:>.e 
enryma tic ally. 

The genetically engineered Si subunit of BordeteHa exotoxin, and the analogs of this subunit. p'ovtce j« 
recombinant ONA-denved subunit vaccine materials for use m the prevention of pertussis disease The Si 
subunit and its analogs can provide vaccine products, either alone or m combination with subuniis S2 S3 S- 
and S5. and mixtures thereof Subumts S2. S3. S*. and S5 can ae purified 'rom B pertussis ar 
recombinants derrved as fusion or non-fusion products. High levels of recombinant expression of sucur* f s 12. 
S3. $4 and S5 of B ordeteiia exotoxin have aiso been achieved m £. coti by direct non-*usion mef.acs :0 
Alternative recombinant nosts. mciuamg yeast for examcte S ce y 'visiae ana tactca: organisms. *ar eia-a e 
Salmonella typhimunum or tvpht . 6act"us . so . and viruses, tor eiam^e *.acainia. mav ce used foe eices* an 
of these subunit analogs 



DETAILED DESCRIPTION 



The present invention orovides high-;eve). direct recombinant excess-cn ol an PTX s-bunits neccs '*.* 
vaccme production. Further. Si sudunn analogs provide bioiogicai *a::vity that »s nigniy immuncc?^". 
substantially free of reactogenic components, such components a*ing enzymatic activities 01 * r>< ? ^ 
molecule related tc its toxicity and reactogentoty and extraneous car-r :*ents of B rertuss'S <e g » n ar*: • - 
Ahich would be found wiin vaccine materials e»trac;ed -cm B :i':ussis cens ar.o ire ' 
. t t reactogenic. The Sll, .analogs used alone., or in ccmpiration >vt|,h citf 6*,s -aunits ol PTX can pre. ze j : 
/. .l^odu^sMha/ are e*rf<aciu^^nd'o i.khhc'ccf d i(i;i".ec:} itomVeactcsenifcrTa^ 1 ;^ 4 - • 
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existing in •* on -modified native or recombmant-derrved si/bursts. 

The individual subunits Si. S2. S3. S*. and S5 of Bordeteifa pertussis toxin were each subdoned and directly 
eioressed ;norvtduaiiy ,n 6 ccii The signal sequence appears to play an imoortant rote <n the expression of 
recombinant $1 (r$u. in :he acsence of a signal peptide, insignificant amounts of rSi were exoressed tn £ 
C3i» if either **e native leace' zt the St subunrt or a synthetic feader is present cn the prec-'Otem. high levels ci 
•loress'on, n the 'a^ge c* *D-30- o of total cell cote^n. are obtained. The femenration of r Si e»ores$or ce'ls 
at :he oroc-jcr on sca*e »n a .'*d*batcn 10-Mer fermentor tat a non-ootim^ed exoress'on ieve* of S mg St-OO-Ll 
'esuited h ^eartv cc^c'ete crctec'yt'C processing of rSi 'o is mature sceoes. as shown m r t g 2 
rerme^rat'C.^ c' e*ce«sc* cr's on a 'acoratcry sca'e gave r:se tc inccmciete'y pr-cessec S ■ c-o*^ p^'Otein 
and matu'e c^c!e»n were *z -^d 'chewing logarithmic cell growth. The 'aiiure of a synthet'C E. coii c'eavao'e 
'eader ser.e^ce 'c erha-ice sg^at D'ocessj^g suggested that i^comoiete- cleavage s net the 'esu't of 
•ncompat'fe 'ecoc^'t'on cf £ cc'' leader peptidases for 9 pertussis proteolytic cleavage s;tes The 'aiiure to 
overcome :~e ccce;s;-g c'cc* e-ff-er by increasing signal cect dase synthesis using te'ts co-transformed 
with a p'as'—c excress'^g £. tcm 'eader cec^oase at high (eve's or ov reoucmg Si eipresson :eve*s .v>rh the 
use of a r.v.ccoy-^'jmoe' -.ectcr. heated :hat the o-'oofem does not t»e in saturat cn ct **e reavage 
pathway, >?se r es .::s ce~cns:rate ;hat ocst- rransiahcnai orccessmg of 'cre'cn ccre ^s ^ £ zz -av ce 
controlled tv oooriy-unccstood mechanisms related to the physiological state of the avowing cel. 

PTX subuhtts S2. S3. S4. and S5 were similarly expressed m E. cot* as shown m Fig. 2. L*e recombinant SI. 
the rS2. rS3. and rS5 subun*ts acoeared to exhibit incomplete processing at faboratorv-scaie fermentation 
Because rS* could te fully processed at the production scale, simiiiar fermentation conditions can te utilized 
to yield the other suoun-ts in completely processed forms. In contradistinction to rsV the rS*s suoumt cculd be 
expressed at high leveis as a mature methionyi polypeptide, but was not detectable when expressed with its 
natural leader peptide seauence. Subunits S2. S3. S4. and S5 have now ail been exoressed as methi 0 nyi 
mature polypeptides. Ammo acid analysis of these molecules demonstrates that the heterologous 
fnon-native» methichyl residue is substantially removed from each soeces (with the exception of $4| by 
cellular me'.None amtnooeptidase to provide fully mature proteins of native sequence. The methionyt residue ts 
not substantially removed from recombinant S4 because of the incompatibility of the amno terminal 
recognition seauence for the cellular enzyme. All the recombinant proteins were recovered as inclusion 
bodies from lysed cells The subunits were found to have migration patterns in SOS-PAGE essentially denrtcal 
to authentic native subunits or to react in Western blots with monoclonal and polyclonal antitoxin sera As 
shown in Fig. 2. high-level recombinant expression of subunits S1. S2. S3, $4 and S5 subunits m E. coh are 
achieved by direct, non-fusion means.' 

Although alternative methods and materials eotrto be used ** the practice of the present invention, the 
preferred methods and materials are described below. All references cited hereunder are incorporated herein 
by reference. 

MATERIALS AND METHODS FOR RECOMBINANT EXPRESSION OF SUBUNITS Si. S2. S3. S4 AND S5. 



Matenais. 

ONA modifying enzymes were purchased from New England Bio'abs. (eeverty. MA). Bet^esda Research 
Laboratories. (Gailhersburg, MOI. Boehnnger Mannheim Biochemicals. (Indianapolis. INI. ano international 
B'Otechnoiogies. Inc.. (New Haven. CT); enzymes were used according to manufacturers reccmmencanons 
All chemicals and biochemicais were analytical reagent grade. Purified pertussis toxin PTX was purchased 
from List e-ologtcal Laboratones. Inc. (Campbell. CA). Synthetic oligonucleotides were synthesized according 
to Canjthers 0982. mHG. Gussen and A. Lang (eds| Chemical and enzymatic synthesis of gene ''accents 
Verlag Chem:e. Wemheim FRG. pp 71-79). Rabbit antisera against whole PTX were produced at Ani cco es. 
Inc. (Oavts. CA) ano the NIAIO Rocfcy Mountain Laboratory Mmonoclonai antibodies agamst subunits '-om 
native PTX were oroduced by standard methods (Kohler and Miistem. 1975. Nature 255 4?5-J97 "lew e t 
aiV. 1979. Viro'ogy 93 11 1*1 251 Radioiodmated orotem A and rabbit anti-mouse igG we*e cu'c*ased *rz** *.>w 
England Nuclear (Wilmington. DEL). Ar,ti-S1 monoclonal antibody »B7 fas desenfced *n Sa'o at '087 -^1 
immun £5 9C9-915.) was a gift of H Sato. NtH. to Keyo. Jaoan 

P'asntds a^d t acr?"at ;r*3ms 

P'asmid cPTX42 containing the PTX creron has been oescrited 'see Locht and Keith ->ucra a m c L::-r of 
2i sucra i £>cress«on ptasmtos cCFM^OjS. PCFM1U6 pCFMn;2. and pCFMH56 were a?"vec at i*«e«" 

A detailed cescncncn cf Amgen $ e*cression vector system s described »n published £jfcc°a^ -a*»«i 
Aopiication No. i"$450 ano ^corpcrated herem by reference Such piasmids may coma-n a« 
promoter, a synthetic riecscme binding site, a cloning cluster piasmid origin of replication a , *rsc : , 'cn 
terminator genes regulating prasmid cccv numoer and a Kanarrvc:n resistance gene The renv*'; : cs 
differ Ircm ?acn ether -n a n u mcer ci 'esoects The ptasmio rCFMiC36 con oe dertveo * r <:~< C r v^J c 
'Euroqean Pirent Ac^catjcn = *2i -?0l Ov su^snujling ire.CNA secuence D$tween vj-'C--? v-; \rz 
^^flftl-iest/.c/gn .sjtf s ; c;5rf a»r.ing .p.^*unineJ)f .P.. prcimc:e# ^i'-t the, Coiling 'pi,ccnv::*Bl<cJe ^ ' ' . ...» 



EP 0 306 318 A1 



IcoRI 



3- :at::attctag - 

r^o - 2t-.-3 c:*'3 -s I---JC c e crr-cter ceces the rest-'cnc-! -::-js:e' >-e Casm-: :C : v ' '-"> :c~ =e 
cerVec"":^ rO s vs:5 Cv 'u:*n= "9 sna:i CNA ";eauence = e:.--ee^ >i"3-je Cai :'ia: -?s:".:on 
3::es - ^ the t'-cc-.c-ecrre. 



ana rv :est'cv:-c *he two e"^oce--eus Ndei 'estnction sites by end Miing with T4 csty'-'fase e*zvme 
f^ilcwec c ligation. The o'as^'d contains no synthetic nbosome bmamg s»te immediately ceceamg 
:he r?s" ct>on c;j*s:er. The p'as^'d cC c M1156 can be derived from PCFM1U6 by substitution of the small 
DNA "sequence between the un.cue Xbai and Kpni restriction sites with the following ongonucectice. 



5 • CTAGAJiCSAAGGAJVTAACATATGGTTAACGCGTTGGAATTCGGTAC 3 ' 
3 ' TTCCTT^CTTATTGTA^rACCAATTGCGCAACCTTAAGC 5 ' 

The p:asmid oCFMiiS* can be derived from pCFM1i55 by substituting the Bglll to Bgill (248 tase pa>n CNA 
fragment containing the cocB oromoter and encoding a portion of the cooB gene with the corresoondmg ONA 
fragment from the plasmid pCFMS12 iEurcoean patent application s 136.490). This plasm.d has a lower copy 
number than pCFM1l56. 

Plasrvds pBR322. pUC^8. PUC19. and phage M13mpi8 and Ml3mpi9 ONA were purchased f'om Bethesda 
Research Laboratories. The piasmid 0TD125 containing the gene for E. coli leader peptidase (Dale. T. 1983. J 
Bacte^o*. 143 76-83) was a gift of W. WicVner (UCLA). E. coli FM5 ce"s were derived at Amgen Inc.. Thousand 
Oaks. CATrom £, co!i K-12 Strain from C F. Morns (Bachmann el al . 1976. Bacterid. Pev. £0: 1 16-167) and 
contain the integrated lambda ohage repressor gene. CUs? (Sussman. et al. . 1962. CP. Acad So. 
254:1517-1579). Construction cf the individual subunit expression plasmids <s described he'e<n Vector 
production, cell transformation, and colony selection were performed by standard methods (Man.ans e' ai . 
1982. Molecular cionmg; a laboratory manual. Cold Springs Harbor Laboratory, NY). 

Analytical procedures. 

ONA seouencng was done by the cnmer-eitersion. cham-termmation method (Sanger eral 4 977 ='cc 




polypeptides fr C m poiyacryiamide gels was by the method ol Hunkaoiiier et al. (1983. Mem £n:v~o» 
91 227.2361. and Western tioit.ng was performed as described by Burnette H981. Anaiyt Bcc^em 
Ti2. 155-203). The ratio of recombinant protein to total cellular protein or total inclusion-body prce-n vas 
assessed by SOS-PAGE of whole-ceil lysates or tnclusion-body preparations followed by stam.no .* 
Coomassie Br.M.ant Blue R250 and subsequent gel scanning by integrative densitometry. A s««* 
NAO-gtycohyaroiase ano AOP-"bosvitran$ferase were done as described previously iKatada eiji_ 19S2. "-oc 
Natl. Acad. Sci USA 79 3129-3133. L.m et at 1985. J. Biol. Chem. 260 2565-25881 Reouct-on o -e 
morcnciog.cai resoonsrol CHO cells to PTX (Hewlett etjM 1983, Inlect. Immun JO 1 198-1203) w.m a^"-'* 
against various recof bmant subuntt preparations was performed ty the procedure of GiUenius ei ai i , :- 3 ' J 
e«oi Stand t3 51*661 
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Construction of oiroresS'On c'asmids. 

All olasmids were constructed from a series of E coli generated expression vectors dittoing as described 
crevious'v The -^dividual ce'tussis tox»n subunit gene segnonis seated using :h» restriction sites 
shown .n c"c an c: 7*jre i . **e upstream restriction s<te was tust ;ns=d* rhe 'n-nation csdon 'or ?»o"»s$ion of 
:ne s-grai ler^ce-corrain-ng '2rm cf rhe subunit or just ;n$ice :*e cccon for :ne am<po. terminal residue of the 
-naru'9 accessed 'cm of ?ne subumt for ?xcress»cn of the rreth-onyi-mature form of me subunit analog 
'C — s ot r:-? B isomer u:»i':°d. cne case '-ag^e*: cortammg ;ie ucs'ream non-codmg 
* a t c ST **? e- - z2 a^r cr-:::ed :*e svn:-?: c - zzzz~* z^c -g site z* 'he » :r:> %»cess>cn 

V oc:c c!h<?' tase ;-e ucstream ncn-coding reg^n of 52 .vas r* ; e*ed a*a the syn:*eNc~ S"Tcii "bosome 
t-~2*z : *e was --seved 3.~thevc o'lgcrvjcfeonde inkers we*e ?™ tveo *c e^ec: cn of 'ie cene 
segrr»r*s rto t 1 -? e*cress cn ciasmers at an oot'mai distance do.vnstroam the 5yn:h9'»c pron-oter'ana 
'•bosom© r-^d-na s.te. The .cstream 'inkers restored the rasing Vamo ©acn iene e't K er zac* to r*-e 
authe n :'C :*v:-a:-ci ccdon. -> :re case c< cre-suoun-t constructors. :r *o ?, 't:: cccon v "~e '-ar-j-e am.-.o 
re'r-'-.js atto' accrue ectides -ciuceo a -.etrvcry! .i.tinc. ccocn in tases. :;ccn .sage .vas 

— cc^ec ' z *ecjce :*e cttsrr'a; 'or sec c r 'ja-v s*rucrve "ear 5 e*c ;**e resu:«2n* t?nas z zr ?iar*c : e 
the cysie.-e ccocn at ccs;ifcn 2 m the signal 'egion of the Si subunit lLocnt and Keith supra i was substituted 
with the cocon for serine to eliminate the possibility of detrimental CJSuif'de 'nteractions 

"oiiowmg transformation of 6. coii PM5 ceds with the various ofasTiid constructs and plating on 
Kanarrvctn-ccntamTng agar, arcccr-ate nyrroers of colonies we'? se'ecred. "eoiica-cated. g-ewn as smaii 
:»cu<d cultures ("rriin'creosT and Educed at 42 fl C for 4 h. The mimo'eos were then screened by light 
Tvcrcsccoy for the presence of inclusion booies «n the bactenal ce«s. Preoarations emtbumg aoparent 
:nc'us'ons were identified and matching colonies from the reoiica oiates subiecteo to Hask-scale tone liter) 
aboratcv 'ermentatjen at the eduction temperature: some preparations were later subjected to 'ed-batcn 
fermentation m lC-iiter industrial fermentors. Samples were removed from fermentation at various times 
post-tnducnon and examined for the aopearance of the appropriate PTX subuntt by SOS-PAGE followed by 
both Coomasste Briltiant Biue-sfain»ng and Western blotting: blots were first reacted with an appropnatt 
monoclonal antibody, examined by autoradiography, and then reacted with a polyclonal anti-PTX serum and 
followed by further autoradiography. The structure of the piasmd from each expression clone was confirmed 
by restriction mapping of the isolated piasmid and verified by ONA sequencing of junction regions. 

Expression of recombinant SI. 



When E. coli cells containing the SI expression piasmid (pPTXS1/i) were induced at 42 : C m a feo-batch 
10-liter fernentor al the production scale, they produced a major intracellular protein of aooroximateiy 26.000 
daltons (Figure 2A left, lane rSl) which comtgrated with authentic PTX S1 in SOS-PAGE. Pamai ammo acid 
seauence anafysis (5 cycles) established that this polypeptide had the ammo terminal sequence predicted for 
the mature SI subumt (tocht and Keith, supra ). The protein was immuoochemicaiiy identified as SI by its 
reactivity with a mouse anti-S1 monoclonal antibody in a Western blot (Figure 2A right. 'ane'rSU. 

it should be noted that laboratory fermentation of the S1 expressor cells at the one-liter flask scale resulted 
m incomplete cleavage of the rSl signal oeptide. a phenomenon also observed for the expression of the other 
PTX subunits in E. coli (see below). Attempts were made to identify the molecular block to signal processing 
seen at the flask scale by a series of expenments designed to increase the extent of preorotem cleavage: 
insertion of the Si gent into a low-cooy-number expression vector, substitution of a synthetic E. coli deavaoit 
signal seouence (Picker tt al. , 1983, Infect. Immun. 42:269-275.) for the authentic Si signal peptide, and 
co-transformation of the subunit-expressing ceils with an expression piasmid containing the gene for E coli 
leader peptidase (Oate. supra .) to increase the constitutive level of this enzyme. None of these approaches led 
10 any significant alteration m signal cleavage. However, modification of the fermentation conditions to a 
fed-batch process ted to processing of pre-Sl to its mature form that was substantially complete 

The success m expressing the S4 subunif as a mature methionyi polypeptide ibeiowi prompted !he 
employment of the same strategy with rSl. Unlike rS4 expression m £, colt , however the expression of mature 
methionyt Si was so low that a Western blot was required for its detection in contrast. :ne secession ot 'Si 
usmg its authentic signal seauence yielded the fully processed polypeptide at levels of 10-30- o o» the tcta* ceil 
protein. As described later, truncation ol the mature ammo terminus cf rSl by recombinant means ran 'esu't m 
very high levels of e^oress'on in fact, substitution of as Mtie as the ^rst two residues cf '-a'-'e 31 
sequence (AscAsoi wiin Metval results m significant eipression relative to the methionyi mature *zrm 

Eio^essipn of $2 S3 $4 and S5. 

As a test cf feaS'btiity. the PTX SJ suOunit was first e»ores$ea as a mature methionyi crote<n wir-jot ts 
native leaoer ceot<de ana. as described acove was produced at nigh levels if» E cot* iF-gure 23 *"-S-i 
; anet A'thr-jcn >ts m-cr-.;ion m SCS-?AGE .vas sightly -etarceo re'auve to ihat of S4 ^cm e ;<;r 
orecaraticns »t nao the creaicte^ S4 ammo acid seauence S4 pu* ' ?a 'rem 6 ce r tussn bv mP».c - z *s :*• 
same ?etarc3;tcn m r?i 9'ectrccnores.s Lccnt el al sucrai P*c:rrcmant S4 reacts ^e'l .-..^ --n 
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antisera m Western Clots (Figure 23 ngrit. lanrem S-). but has reduced reactivity with an S4 monoclonal 
anttoody 

;n contratfisttncttcn to the results obtained with Si. e*c'ess>on ol S«i with us native leader oeoPde secjence 
i cc^t ana Keith supra resume .n 'inoetectab'e 'eves of crote-n ire; s.^owi it shoutd se noted "cwevcr 
*«3f Nicrs a e; a' '3=jcra; cermet a d-v^eri transtancna! start s-ie 'u^^er ucitream .•: <3 oo^s-c^e '-at use z- 
s a.-ci^cTTTecUe^e n 3- ,; ?ader o?or<ce -.vou'd r €su;t n ~uc~ ^fpe' l eveis rt "'O'esr-'on 

- c - - • 32 3^ 3-0 S3 .ve'e esc" ercessec wth :-<?ir -5: .5 'eaoer zecue^ces . =,, *;*j-'e Z- ires '52 

... o. Vi -^o "-oco SL'tunrt:. .vas v processed turf"" 'accwv-scaie 

< 7- — -.-•-*■- *■ ~ * - r * r * - ~ ~ v v r * " - : t c ~ - 5 c ; e ' r ' ~ e r * v ~ e ■ - e r *h e " ' r , t • " * " e " c - - tr -r- "-. - r ": r ? * 5 

0 res — r -;.o-e-t :: 32 33 s-c 33 .%■«'» a-s- eac- e " 3 : : • 

1 a "~ g'-.c-v-afj-e — c - r3 ::-:rac e *o t-r £■? .vi — e*r -y . e eo oec c 7'.'? 13 
3 „ 05 '—32 "~S2 -i*c *""£3 *e szect". etvi As -c;eo aoo.e. t"*e -e"e*c rgous —ethic^'he 'rirj^s r* 32 33 
an.- S3 are c^ctessed cv ce a<* ""etnone amtnecsot'dase ' r ,-c'z ' j :, y-*"-3tore ocvpTr/Tes : ' ~atr.e 

- a ~ • j o r> r o 

-*o o-v-*e c : : •.' c • s ' ": " "t 3°o~e n : '?o'eser.::r.o :r<? 5 c^::*"?' s ! -c-*" ' -■ $2-3*-S3-3~.; ■■•■■as - » r ' r : 3 e r _~r? r 

*-o - ;'c*~t*r* - ~-*e J "-*"3t?3 ;-o e**?ct$ c' 'he \,cs**e3""* "t"-cc« "7 ' = z z ~ z~ z'zz.z' z ~ z ' 

3- '? t-* rise *~e °'r' = ssr r - c^sr-rc ' = '3"*eo ; ta e *e mjarc s:r:r.:*; oor* --a 

:?r-*;nat>c* :crc~ zi S* a-r: *-e -^faron roccn of 32 'loc.ht anc Ke'th suca i tut wit^o-jt v."**eto 
•■-cscme 3 t nc:"a ste 'j sec r a - rt-e r excess>or. piasmias Th>s resulted m in© synt^es'S 'rcc^Z'^a^T 
- 2 .vrscr. arcea'ed *o te cc'T'ete'V cccessec wnen exammeo tn a »veste r n cict with an ant:- 52 ~ c ~ c if c ** 3 1 
antcocv :r-cu r e 2. a^es C ans E; . 2 t-r : jc" re; srown. ccivc.'cna* a^v.csv a^a'vj'S s jecesred :-3! t"? rt'-e" 
5 ci-cc-ter "suo-jr.irs '-vers sis 0 ?j:iy zrccessed to :^9t mature ' :"~s Sucsti'ution z' ,w e "cn-cr'c-g 
:n:erc^stron>c segrrent with the svnthet'C Shine-Oe'g3 r no seouence resulted m a rrucn h^r.er eve' c* r S2 
synthesis (Figure 3. Janes 3 ana CI. however, this material >s mccrr.oietely orocessed. "he e" c encv of 
synthesis of each cistron acoears to te atrectly corrected to its proximity with the 5' end of the ^essace. 1 e . 
S2 > SA > S5 > S3. A o^eiiTiinary eroenment n which the remainder of the oceron is o'aced downstream from 
the highly-exoressmg S1 construct (see aocve) resulted in very lew -evets of synthesis ana >nccrrp!e!e 
processing of each of the su-units. including SI). 

P'coerties c* recombinant p TX sutu^'ts. 



Very little, if any. of the processed PTX subumts aoDear to be secreted from the E. coti ce'ls. although r^e'e 
is some indication that fully processed rS 1 may be found to a limited extent m the penoiasmic space. The ouik 
of each subuntt was found in the form of inclusion bodies and constituted 10-30 0/ o of total cetluiar protein Cell 
ivsis by fre^ch oress and low-soeed centnfugation resuited in pellet fractions that contained up to 63- 0 cf 
their protem as the individual subunits. 

All the PTX subunits were detectable m Western blots with a polyclonal rabbit antitoxin s-erum (F-gure 2). As 
noted above, subunits rSl and rS2 reacted well with soecific monoclonal antibodies m Western plots. 
Recombinant S«*. made as a methionyl polypeptide, had reduced reactivity with an anti*S4 —onocionai 
antibody. Monoclonal antibodies agamst subunits S3 and S5 were not -available, although rS3 could oe 
detected on a Western blot with artt-S2 monoclonal antibody by virtue of its close secuence homology with S2 
(Locht and Keith, supra ). 

When crude recomomant rS1 preparations were incubated tn the presence of [ 3: P]NA0 with rnemoranes 
isolated from CHO ceils, a protein of approximately ai.000 daitons was AOP-^bcsyiated. 'denticai to that 
nbosyiated by native whole PTX; this molecule is believed to be the N. membrane regufatory prc:e»n of the 
adenylate cyclase complex tBokoch ef a* 1983. J. 8«ol. Chem 258.2072-2075. and Hs'a et ai . *?33. J 3'd 
Chem. 259:1086-1090). For purposes of 'outme assay, bovine transducm can be utilized as a suostrate 'or me 
nbosylase (Pig. 4). a molecule demonstrated to be an acceptor penussis toxtn-cataiy2ed ACP-"5cse 
transfer from NAO. (Manning et a' supra : West et at . sucral. This result confirms the ocat-on ?f -he 
ACP-nbosyitransferase activity on the A orotcmer (SI subunt) of the toxin and suggests that the r»c zrr o.r.ant 
B pertussis protein is folded into a form ctose to its native inree-d:mers.onai structure m E cc" c -jr:--e'-ore. 
ihe recombinant SI exhibited NAO-g'yconycroiase activity also identified with the A prcmcter \i:r e 
immunized a*^d boosted by mtraoentcneai miecnon -.viih a crude nc'usion-bcdv preoarat'Ch o*'S' z r * 
purified reccmomant methionyl S4 The rSi subunit material used cenramec both tui:y-prccesseo cot-.c^c* re 
ana unprocessed preprotem m an approximate r atic of ^ 2. !he re»at«ve mmunogenic ty of the two •$ ' :r»r <»s 
>s not known Serum samples vvere tested m a sottd-phase PtA for *he presence of antitoxin anr:ocr ?s . = :/» 
5). Animals receiving recomb»nant SI exhibited a significant antitcxm r* jpense whether or not the ■^^or z -o 
doses were formulated with complete Freuna s adiuvant Reccmcmar.i S-i g-ven cniy n aaiuvantec 'zr~ .-.as 
ai*o very immunogenic relative to adiuvanteo whole texm and corr.n-erciai pertussis vaccine 

Treatment of cultured CHO celts with wnoie cenuss'S toxm results a clustered* -norphC'Ccy *" • I 
!i suc^itrat can be aorogated w»th anntoitn se^a iGeiienius eraj, soca i in creiim.narv eiccimc^-s 
5era aca-nsi rSi or 'SJ crecared as oescr trec aoc»e ar.d possess r z) -eiativetv h.gn ' te'S -1 • ■ : • ~ 
^nr c:: e; .'.as not rout^e-v -oocactc ct -*'j"2T"-c the -escense :* -HO C3h< -z ^anve - :" r 
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immunoprotection of r-.'ce with recombinant Si. 

Mice imnu.nzed wi!f. crude recombinant SL purged recombinant S-i. and aooroonate control materials 
fsee above) .vo, 9 $urt«?c:ed :c intracerebral challenge (• c i with 5 reruns mcuse vmjier.t strain <S223 and 
— crtaiKv scr-ec: 'c as :mo as ^5 davs rcst-cnaiience 'F-gure 6*. M»ce we-e .mmumzed w-n £3 ug of rest 
article ( *00 ■-■! of a • :5 r^i^cn 'cr c?mme'c-ai certuss>s vacc:re» cy ^traceMoneai nec:;on 'hey .v?r<? 
CC csted w.th an rat amount 21 davs oost-mocu!at:on ano c-aHe-ged ' davs late' -v » c :*a 'enge of 
vac'e 9 ze-.ss'S s?-a n 1 = 322 (3 x :C 4 croan;sm cer ammao - erect'- n was -c: de'.ause 

; a cK ;* sc: .e ~: c::«m -n ^::-:-ant c-era-at.crs ■ was su'C-s *s ^ ccse-.e ^ -viase n 
survival time t~ r r c : - r-—'jn\z°Q anima's relative to u.nimmunizec ccr-fcs - r *jr:rer a numce- :* ~'Cv '*z°- ■ ~z 
adiuvanted -S' ve'e cc~c'e!eiy protected against challenge — ce .-rr-j-.TM win aouva-'ec 'S-: aithougn 
exhibiting a coed arv-tcdv r 9S oonse 'see Figure 5). -vere ejected -c Cei'er than wP..mm-j-v;ec mice m 
arot^e" ore-'— -an/ e*cerment. adiuvarted 'S1 ac-cea^ed to ei<c:t dose-'escens've cc:ect:cn agamst 
: Ha,: e rce. ^cc-rete c-rctecfcn .n :*e -c cha ,enge assav ~2v "ave is sasis .n n acse-ce ac!>ve 
hoiorcitn «n :-e -c mate^ai. nevertheless, cctect'on s:~e'.ed :h«s ""'^'•"a^ s*.dv c<r~c~$:'3:?s 

; ha t r "? c c r*~ c -art 3' c::en ^as =c:s-.t ai as a suou-m: vac:-e -ate-a' <Tur« - * :c-'--ec 

0 -* ^ n res "si •" , t'ace*ec3i : "* a ; e n c e - .vt;^ 3 s *"C-se v- en! si'S'** ' : j _ - 



Si a*jalCG3 



'Jsmg techrvoues of r-'Cte-n e^g:"eer:ng and site-scecfic rrutager.es-s. truncated S- analogs wr« ^ace. 
The reg'on coundea cv vanne 7 and sroiine U was found to be a reau-red region for ACP-'ibcsyit-arsferase 

-f activity of the S* ^c^ecuie. An antigenic eoitooe that binds a monoclonal antibody which cassive'v-eretects 
against texm activity >r. mice (i.e.. an eoitcce involved m eliciting a crctective resoonsei 'ses at least oartiaiiy 
within the reg:cn touted by valine 7 and oroline. ^A. inclusively Mutagenesis of the Si molecule m the region 
bounded by~va!:ne 7 a«d crdine 14, inclusively, produced ana'og molecules of S1 lacking enzymatic activity 
while retaining the crctective ecitope. The protective eoitoce >s imoortant \n providing immunoprotection 

30 against perussis tcxiary. Modification of the valine 7 through proline 14 region, including substitution ana/or 
deletion of ore cr more ammo acids, results in S1 analog products that can edcit toxm-neurafizmg eveis of 
ant-boctes and are sucstantially f f ee of reactogenic components. 



Subclone c? !-e st gene >nto oUC .3. 



3 'asmid cPTX^S. cctammg the entire ooeron for the Sordete'la pertussis toxm iPTX). was obtained 'rem j. 
Keith (NIAIO. Rocky Mountain Laboratory) as transformed JM1C9 cells. The bacteria were grown m L-orotn 
containing amoioilin and the olasmtd recovered and purified by standard methods (Mamatis et a' sucra t A 
732-fco ONA fragment containing a portion of the PTX S1 gene (cistrcn) fLocnt and Ketth, sucral was isolated 
from cPTX42 by digestion of the piasmid with restriction enzymes Aval and Xbal. followed bv acryiamtde eel 
electrophoresis and suoseouent elution of the ONA fragment from the gel. This ONA fragment beg^s at the 
Aval site |ust -nside the coen reading frame for the pre-Sl protein and ends at an Xbal site at the termination 
coden for S1 The standard cloning vector pUC18 was also digested with Aval and Xbal and the digest feared 
with phosonatase. a Ration reaction was performed with the digested pUClS vector, the 792-bo ONA 
J5 fragment (Aval-Xbal) of "pPTX42. and T4 ONA ligase using standard conditions. Fresh competent CH52a ceMs 
were transformed with the ligation mixture and transformants were selected on agar pfates of L-cdh 
contammg anpicillin and "Slue-gal* (Bethesda Research Laboratories. Ga-thersburg. MO) Twe've wn-re 
colonies were selected, reclica-piated. and grown as 2-mi liquid cultures. The cells were *mtmcrecred* =v a 
standard atka'tne lysis procedure, the CNA digested with Aval and Xbal. ana the digests selected 'o 
iJ acryiamtde gel electrcchoresis. 

Construction cf rPTxst expression piasmid pP^Si/l. 

An Avai-Xtai fragment of 732 to was isolated from piasmid cF^c as cevicusiy desc-red 



ecu expression p'as.*:3S pCFMi 156 and pCFMiC3S were cctamed frcm Chanes F Mcr-s 
Thousand Ca^s CA P'asm.d 0CFM1 156 was digested with res;: etion en;yrres Sstl and n:?i »-3 ^ * = • b 
ONA fragr-ert -.vas :sc:ated frcm an agarose gel by electrce'uticn onto NA45 C ao*r iSchteichP' i 3^--e** 
Keene. N h 1 P'-asm* :CFM103S was "digested with Sstl and Xbal and a 2 9-Kb CNA fragment a*s -ew se 
rotated Two ccr^c:e^entarv strands of ol>godeoxynucieot»de 'w.r reconstituting the ceieted c*" m . m :' ^"e 
Si :cen reacmg frame, was s/nthet»red by the ammophosonme cremistry of Caruthers et ai s *Z'Z \ "e 
seouence c* **e svr:he:ic 'ragment while mamtammg the authen: : arr.mo acid seouence ^as^:' 0 : * z 
:z:cn usaze *o *ecuce cotentiai secendary structure m re '-es-er.ger RNA :n eicect:cn *z- *" \ -.a'- 
sucs::tuticn cf a se'-ro ceden fcr the cvsteme codon ?\ ammo ac - :cs tion r ur roer 2 n r r ec** " '. v 
secence : ' r e r *c e-m.rate anv d'su'^oe interactions oetwe*" t'eorctem s-gnai a^c ~ a ••z ■.•■«'«? 
'55'dues at itsit - ' and *?3 of : K e mature prctetn This :. ;;rec»vnuc:ecfde "3- ^ ' ' e 



3 



• 
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- 3hes ,ve -or ,he one * pCFUUSS and an Ava. cohes.ve end .or ligation -one a,.. .... C me :32.«,p ONA 

; ag "en. 01 .he Si gene. The seouer.ce C th.s ohgod.o«ynuc..ot.« was 



. n * - * • 



a :: C at.cn -cac:^ «,„ r-«a-« --^ ~t 2 ONA fagr^i c ; . - • • ^ - ; c _ 

.-CFMKS*. m** CNA ,a^en, :c,.a^g ,ne St gene sepme^ • . ■ , - - - - — CA „, ff 

•.ansJc-io wO -e -»:^« a*c rated m L-brcth agar *,th .aramy - ■ .* ■ • 

.ans.c..a rreihod (Mayans ?JJK su£J' ce..e- >..--<. - .s 

,,re » u8 '«-«- = - ";;:;-"_:-:. e \ vr: ,.,, c -, nl , ef ,„to the ocen r,. 5 .,g «r«-e c :-t a.:-*-c * ;e-e „a* 
>e reaion Iro-r ;-.» eec ■ '■ -ng . e -y . -• . - a «r-ifl l«« *o r-.>c^-"eve. e»cress.or ;t 

assessed by CNA sea-.-e»ce a-a.vs-s. Su=se=-jeni .nduet-on of .h-s - asr-,d 1.- .3 s 

-eccmemant SI cc'em. 

'snstr' jet:s" 0. -P T XS' <?»=r°ss'?-' =-as^-d sPTXSl-'2. 

_ . BDTY^* 1 K v ^ ™ o S!i0n with ~CCl 3*T3 £c~l 

« ni'« „i ■ = i.^d was 'Sdated from piasmid ppix&>.> -y - J 

cV. ONA ,-agmen, was on a , g^^^^^ ™; 
eM-hand oorfon C the S1 gene. Us.ng the » m « f ^" r ^if!^° w „ c . 0 „4 ,„ !0 0UCI8 T»v S was 
-emaining right-hand potton C .he gen. was .so a,ed from PTXS1 .ha was c 0 ^ ^ 

accomoi.sned by cgest.on of the piasm-d ^ m t l 0 ^^^^l^Q N Zng^nxsoi 1 8 Kb ana 2.8 Kb 
Si c.on,ng site ,Xba.,. at ». BamH, ^.^SlW '««"c2n enzymes Ndel. S.tl. and 

were .so.a.ed from me expression v « ct * Pf""* ^ 0 *;* S „ d tl . c , roe . u ..cn of the ONA fragments An 

and the following sequence: 



TA7GGACGA7CCACC7GC7ACCG?- 
3 . ACC7GC7AGG7GGACGA7GGCA7A 



5 1 



A lig a,,n was wormed by standard ™«^*;^^ 
SSa-bo (Schl-aamH., CNA fragments from pPTXSI/ . the 18 Kb 3 , ,, on ;he „ Ij!u . e 

fragments from pCFM1 156. the oligcdeoxynucleot.de linker, and TJ ONA iigase. mho* ng g 
was used .0 .ran 5 ,orm fresh, competent FM5 ^^0^ 
restncnon enzyme analyses performed on m.mpreps el p.asm.d ONA. and the struc.u 
seouences analysis of the junctions. 

BH31 dioestion of ePTXSV2 and construction o f vectors w.th truncated Si genes, 

To assess important ant.cen.c ep-.oces and enzymaticallyacfrve sites ~Z 
mature SI mo-ecu.e. truncated vers.ons 0. tm proton were ^-J^^Zt^^*'^ 
d-gested w,th Ndel. treated w,.h the exonudease 8a13l (IB. undtr "™<£!% l ™^„™„n St s^ 
al vinous t.mes up to 110 mm. FoMowmg .nact.vat.on of Bal3l 'oM5 rwn at 6 1 C- »rnp . s ^ ^ 

^creases .n eiectroohoret-c m.grat.on by eiectropnores.s on agarose gels. Samples 1 0 3aai . of ,„ 

and no mm were cooled '.fraction A, and the rema.n.ng same es poo'«JJ^ J J ^ a oJcs 
SH31. alioucts were removed al var.ous t.mes up .0 180 mm. Aflt 'cue nchmg he ; eaC, 'J D 3 a Q n0 E , 
,aam exam.ned for increases .n eiectrcpnoret-c m.grat.on and ^^^^^^.l j k\ .e-e 
•e'ta.ned Each of the five fractions was .ndiv.duaily d.gested w.th Ssn and ONA .ragmems o 

.soiated from agarose gels by eiectroeiution. Kb DNA fraoment nwew.se sc at :? 

Expression vector pC?Mi 155 was digested w.ihSstl and Hpal. and e . 8^Kb DNA irag ■ ...... 

Th! Xiouai 3-3 5 Kb ONA .ragments ,6.131 b-unt-SsTi) .rom pPr,3l/2 eac -^a ed w . 

CNA fraoment .Ss...H C an us.ng u ONA „case under standard cone: sns. F «n cc-^r ^e . 

:rans<ormeo w,h each ^c.H '^cn rr,,-.ure and kanamvc.n-rei * : »^;» P J"?' ^ in [\ c *° r , c . ecvV 

mants eacn of Tacton A ana 9 truncal c^s were o.ckeo m.rcecs v »ed at -« - _ 

exammed ty :cn, ^xrosetcv for :r.. presence 0. -nctus-on =cd,es. ^uso-ocs.-.e preca 



-0 



<0 
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mtrnpreooed. digested with Xbal. and (he ONA inserts examined for size by agarose gel e'ectroohoresis 
Samples ranging m size from 600-650 bp were selected 'or ONA sequencing to confirm the structure of the 
truncations. Subseauent analyses of the expressed recombinant proteins indicated that a required region for 
AOP-nbosyltransferase activity of the Si molecule and an epitcce involved m exciting a protective response 
(i.e.. an antigenic epitope that binds a monoclonal antibody which passive^ protects agamst tcxm activity m 
micel lies within a region bounced inclusively by vaime 7 and proline i«i (for full amtnc-aciq sequence see 
Lccnt aro* <e-?h sup'*) of the r-at-jre -^o'ecuie ~ H ese truncated versic-ns of t u e S* mo'ecute by virtue of fta e 
vector construction, ad begm at the-r N-termmt with meth.-cnvivatyi JpMowed by 'he truncated sequence 

Vutioe-es'S of S* 



in crde r to 'm.e-mao the 'eoion bounced by valine 7 ano pro"re 4 4 and to proouce a^a'rg ^o : ecu ; es cf 31 
lacking enrvmatic activity while retaining the protective epitope in this r egion 'he recc~*;:.~ant st g,ene was 
suO:ected ' z mutagenesis. Retention of the crctective eoitcce :s defined bv ^eac'-. 'v -.vh ~oncc!cnai 
antioooy *97 fhjs was accomplished by sutst-tutmg synthet-c oiigodec* wjciect-r? :*eg— e^*s 'or ,w e 
a u t h e n : • c "eo : on enccc na the residues valine 7 through s r 3 1 . r. e *4 "hese sec~?-t3 . c ~ ' 2 ** e o 3Tce z" 
dcuo'e ccccn SursMutics n o*ce r *o mod;*v "*e authentic ammo ac- secuente V::' :a*tn cai ze 
achieves bv deiet : on anc/pr substitution !t is within the scoce of the cessr* in*-ert.on :z ~* cc'v a -13:9 base 
to ootam the ces^ed characteristics cf the S1 anaiogs. A single base can ce mooted -n cder '0 modify t*e 
ammo acid sequence However. :t is *ecognized by those skilled m the art that the stat : st ; cat ''kofihoed cf 
genotvpic 'evers'on to wnd type 'S greater when a single base is modified as compared 'z moderation of at 
least two bases. Therefore, m a o'efer*ed embodiment, each of these codon changes tnvcivea the subs:=tut'on 
of at (east two bases m each codon to reduce the efficiency of reversions. The cngodeoxvnuciectide "inkers 
we-e synthesized with Accl and 9soMH cohesive enos and contained the authertrc 51 sequence, except for 
the cocon changes noted m the linker descriptions m Table I: 



10 
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For express.on. 0 lasm,d construction, the following ONA fragments were isolated by e.ectroe'ut.on .rom 

a9 n in'iaS'ba ONA (ragmen, (Accl lo Sst.) from P PTXSK6AI. a o'asm.d constructed as orev.cusiy descrbed 
wh.c- stressed a -scor-e^ani si analog molecule thai Mas titled asoartate i ana ascara.e 2 and ,% 

3ucSI:!'Jted with mofhionyfva.'vl; ^ _ „. 

j, , 3 55-Ko 0"A -ragmeni .Sstl :o 3scM..» trcm pPTXSK23Sl. a o'asm.d cr-ifvcted » -'e-,o u s«y 
«, C re«$-3 a recom^-an si analog thai has <wtttd wt »•'« 'W.:>> a-:-c ac-d rescues 
J;-', -;-. Iu ./- , : n v! va!vi 'n .-angular oere constructs :»« simi-e-a --a-cn t»*i -esuted • *» 
.. f ;;;: r '. oros — . 3 -,.. v Sk'.w s=ti >. $ restr-s «,:?. swt - ~< -«:"••« s • ::s:-rn.c 

eier-em, avowed the uf raven of relatively short c»g=nuc!eot;ae inkers Acc: i-z Ss='.M ccres-ve e.-os 

*o °^ect t-e ""jtacenesis. . 

fhes" two CNA (foments were loated win the individual oi.gcdeoxvnuaeotoe 'ragr-e-is rescr red accve 
..^ tf s'tancara t.cat-on c:n=::,o-.s." >«$e ugat.cns resulted .n -ew.y constructed St j«n„ a ccrt-cn of 
-P^XSt."=Ai — -v.ctq :-. .cstream ecsc-ns to :*t es.nt r t^e Ac:: .•est.-cttsn ; te ~t s.-<-*-e -^-»n, s 
:..' v .-.„" .Jar.c«s" -utatons ""ns setween the Acel s.te ard Ssr'.Mi ste a -.-> -y 
: p Vs''--=i — v— ic — -rrair.de' r :*e Si cedes '??>c- rcwr S :-eam of -e T.e- = sr'.':' :~ 
^How-nc'catTcn. each mature was used to transform a seoarate o.-ecaranon of fns.-v cc-cere^ 
- f - ans .„„; a ; ls . w ., e ., CK ed. drown as mmorecs. .nduced to croduce -eccmo.nant S r C :«.n. and ,r S mon 
bodvcssitive samcres •de'-.tu'ed by lot m-croscooy. These samcies were fermented at a trsv sca.e i ,-6 
• trs« a" 'he .n Sy c:.cn temse-at^e to cecare greater amounts of each recomb.ran, araicj rrcte- seated 
-e.» cashes w~ :vs»d m a Frencn sress alter 'esuscension m distmeo H,0 w.th i -M 0. . :.nc'js..n sc-ces 
wer- .soia.ed "^om these ivsates by s.mole iow-soeed centnfuganon. These .ncius.jn-oosv crcte.n 
-eca-atrns cor.tameo as Mn'e as 20C o and as mucn as SOO/, of the recombmam D 'c,e:ns each creoaration 
•vas ana'v;«d for Ms aoiiuv to bmo m a Western bloi format (Burnette. sup^.) to monoclonal ant.bodv e t F3 
dire-fd 'acamst a com.nan, eouooe ^dent.fied in our studies w.th truncated Si analogs, and to Bind to 
mcnocioral an„body 187 ^nown 'o cass-vely protect rmce against mtracerebral chaMenge w h wu, t * 
=er , us$ , s , S ato et ai susai. The samsies were also assessed tor AOP-nbosyitransferase activty. .he resui.s 
cotamea are s^own m Tacle 2. 



JO 



Table 2 



An 1 1 becy S i nd i r.g 
32"S 137 



Ac: 



J5 



5c? 



r.cne 

?TX ( ccr.T.ercial ; 
:?TXS (pPTXSl/1) 
0?TXSi(5A-j/l-l) 
3PTXSK5A-3/2-2) 
DPTXSK6A-3/2-1) 
OFTXSK6A-3/4-1) 
pPTXSK 6A-2/5-I ) 
OPTXSK5A-3/5-1 ) 
cPTXSI ( 5A-3/7-2 ) 
3PTXSK5A-2/ 3-1; 



The Si analog J-1 !Ar a o^Lysi e»^bited Mtte or no rrarste-sse acr vtv .v^- ^t 3 -.-i 
neu-rai-ztno ^Ab \ &7 Onty extrerrew sr^ail amounts ol enrymanc ac:ivw cou'd te f evea^ec : . 
a-nount ow-i o^cte.n .n the assav (P-gure 8A»; r 90 eated :5:-rr-.,na!.ons -n«ate3 -a 
AOP-noosvttransferase act.v.ty ol the Si analog was reduced £v a 'actor of ai least 5 v.O . *?a, 
NAO gtyconydrdase ac:>vity associated w.th the smgie-resiCue substitution mutants F c-'? 
pattern sim.iar to that cota.ned frcm evaluation of ACP-nbcsvitrars-e-ase act.v.tv S: a-atcc - 
or no detec:atle gtyccnydrolase activity, seating a reduc:ion m :r« 'r.agn.iude ct *n.s acfv.tv 

least 50 to iCO . 

Because ct ts aoihtv to retatn tmcng to a cass»veiy-protect.ve -cncccnai ant-cc^-v <- 
orotect.ve ectooei ana to lack a m a) or marker ot tox.c acta.w lACP.-.sosvitranste'asei 
ana'cg m C :ecu.e orccuced £v c:cre CPTXSH6A-3.J.U. as <rc,.- - -g • *r~ ^M^/^ 
acc-cat.cn as sa*e eccncm.cai suDu-^'t vac::r.es e.tr.er aicne c-' - v.-cw/.v/ir.:. e^ - 
Si ara.cg: cccuced Cy done C PTXS';6A-: u.-i ,r^o,n tve- : : -cs:^;e^ ve n- ; 



O 1 ' 

:v a 



■ 1 - « 
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fS1 analogs having the des,ed T .M.- V ; c.«^ 

r«uid include, for ?*amoie. aspartyiasoartyi residues at positions ana* r 

: t 0 po,:,on, 0. i and 2. and me.hionyi.Mas^l * . Ve --°<oo,a. 

Current ace.Mar vacc.nes eoma.n SI. S2 S3 S4 an sa s , , 0f6ceftv oflh , S 1 

3rod uced -n cu^-ed -amr, a ,.an c."» sv p-eMus,.. e n has re. tw b . . =9sn a ^ onstfa .„ in ; , e 

euCu n,t iS'jrns 9! a. . '.$97 :n<«ct wr-un rs t 4.«8 I. although <•$ . ' M ,s,.,.v a s.noie 

essence o« ^iT Cgo-ner. ''^.^^^^^^^ to.* acw.v Si analogs 

aiso rave a:= - co'o.-^-t-J-^'^S^ - = ^ $ ^ _ ^ .... : ., e , ; . :; 

■nmune 'escc--«e :o ai anc ~ av - : ■. • - " : '" , oasi 3n , c' sa>3 svcun-ts S2 S3 S3 

and ™.«<« c« Sc^llS^c^;; weun-i 



aenet'ca | !y-e"C' 



^o 9 ro d sVo-jV.ts a -'o ' ar. a ;ogs. Genet.caiiy-en^ee'e: 
-c rt -'jSton orders 



-or : 



r-o^te -dc — o- - :-o ':!ic.virq secc -*.e r 
~ :: 3 „ ^ - -tssesses -e-vs.--9--?'-3'T 

-assesses - = . .e »• 



^ i$3333VEV 



, 3 c^Zj' ''''"*'^ 



;LCG3 -no 3- 



?r 

... ~ - « 



- , n of nat-ve seau-rc- .Sl/U and analog Si/1 -4 'as Mscreed aoove. ccnta-n, he 
R.con.o.nan.alC'Ots.nof ^esM^ .. .. of ,„ e „„ iwt se3 . jerce , were 

9- Lys suD»t.t y :.on ana re y"^ 18 ;^- , crocet3ure wh.ch .nduded cell a-sruoLcn 

mdrndualiy isolated Tom .he E_cJi .rcaucs i « _ y c r,romatcgraor-.y The ceil 

cenm.ugat.on. ,rea sotuo.Hrat.oa -on e«nang. ch ^og«oh * d , sruD „ on (Frenc , crMS , 

pastes we-e suscerded .n 25 rnM Tr ? s C H "l^jl conta.ned the recomomant SI orote-ns. were 

Vhe lysates were centred and the mso.uO e 0 ™£^™™™ S o? Xo a CO ncen.r a „on ot 50 uM. the 
.oKiMized « 9 M urea. 25 mM Tris. pH8.5. FoHcw.ng the add on of CuSO- .to • The 
mi „ures were stirred ovem-ght to allow the ^^^^^l^^.S. and acoi-ed to columns 
n-xtures were duted w„h an ^^J™*™™^ T h . C o.umn we're e.u.ed w,,h l.near grad.ents 
of S-Seoharose (-fast-How ) eauri-brated at 0 H 3.8 m 8 V I urea. . " - " collected from each cdu-n 

c. Nad .0-0.5 M) m 8 M urea. 12.5 mM sod.um seca r a t e .y to S.on.cr/1 S-200 

and ...rated to 0 H 7.5. These pools of chromat cgraoh.c JTrachon, were , aw w s c y ^ 
co.unns ec-j-Lfcrated -n 2 M urea. i0mM P 0 ' 3 "'^" 0 ^ anoSi/'-^ 
co..ec,ed that represented e"'*»^ 8 3™? 0 S SS^^n.no of the oro.e.ns ,n the ceis 
Purified S1 subun.t oratems were analyzed by SDS- p *« -f ! ° L , -; otecu iar we.ght siandaros 
(Fiaure 9). Gels (12.5 »*> acry.arr.Kie) were run unde red ^ ""f 3 0 2 ug o« B. cenuss.s 
Pharmac.arLane2.2ugo.B.penuss,sh 0 ,c.ox 1 n l L,s.B.o.og.c a ^ 9 5. 0 2 uq C 

SI subun,, pro,e.n ( L ,t B-oiog-ca, Uaborator-es J. . ^ « o ^ ^ q ^ ^ ^ ^^^.^^ 

S^rne n ; S 0 1/ . ug ° ^ « - f ecomb,nan, St speces were 

Greater than 90^o cure. t( np<-P«5arv to achieve the association 

5 Tc assess the b.o.og.ca. acfv,v o. the Si Jrgj-jj, mu ..M n. . wa " .„ soecies 
of .he mutant analog and the recomo-nant S. prote.n of .^'V^ 6 ^"" sufcunits S2 . S3. S4 ana S51 was 
H,ghV Purged penuss.s ien.n 8 oi.gomer Drug Adm.n.strat.on. The two 

prwded by 0. Burns. Center for B.olog-cs ■ EvaluttKsn anc ' w ' h . he % ohgomer .o form ho.c.cn 

dUferent SI subun.t soeces were allowed to 

molecules (ccnta.n.ngeMher Sl/i or Svt-at ^^^'^[^^Im,,^ phosphate S H 7 5 a^d 
SI soeces and 9 oligomer were eorrbmea -n solutions of * M imi J ^ M ", f a 1$ , n nallve acrv.am.ce 

- 6 — 

recomomant SIM or recom&mant S ■ ci 1.41 were t?*en eiam.n*^ 'or -e'r 

Sem,.reccm C ,nan, r.o-eio.M .B Cgc-er =!us 3 n ItV tw 'espcr.e ^as 

ao.i.ty .0 e!.ct a dus.er.ng r, 50 onse >n o*est hamster ovary . CHO | e M ' aDDrcc ,.,,. C :-.-^ 
noJn ,o be a measure of the cytopatr-ctv C certuss.s ^ Ex r« J" '^^i; in .„* 
samp.es were d.iu.ed .mo CHO ceM culture med-um .Ouibeccc ^ moot-ed Eag e e ^ ^ 

serum., stemmed by uitraMtrat.cn , Pa -urtw : 5.tu f ' e ^' e r Cul , uf V C c.itet.on CCL f CO- i 
Aoproi.ma.e-y 5-7 x '0» .'esn.y..r /C s.n : :ed CHO »''» n «»5 COi %r "8-72 hour, -e 
ceils, were ac=ed •= eicn «•« arc g.snes '^uMttd "i^ 3. - n e , am , ec ... ... 

monolayers we-e wasr.ea w.«h crtsr-ve-eu-e'ed sai.ne staged ./..n - s.a. 

presence c :e" c:o$:e'S :v cv -c-:sc:=v , n --«t are re 'osuits ot Pve's *j - ^ 

F gure'i ..svates :-e 'esu.is c s-:" 3<-a'vses c» cart.c- ar m . 
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relating to the S1/1-4 analog. The Si/1-4 analog alone and the 1/16OO dilution of holotox.n formed from S1/1-4 
analog and B oligomer demonstrate a lack of cell clustering, w.th the t/200 dilution eyn.bu.ng a no g)t g lb , e 
amount of clustery Panel A are ceils treated w.th a 1/200 d-iut.cn of buffer only. Panel B is treatment wrtn 8 
oligomer o-iv at a c"i.j!ion cf *■ 'SCO. seme small amount of dustenrg ,5 vs-ble at :h !S d'luhen and rs attributable 
:z contaminate -a-.-e S1 suDun.t femamma after purification Pare* 3 can te compared .v.ih ar C !he- '.e'd of 
•-s same wen (Pare* n. e'eanv showing clustering activity of the B oligomer preparation a! a dilution on. SCO 
= C 3'e ce-'s feated -.vith rat --.e. ccmme'ciai-grade S1 suounst .L si S:c>?g<ca>si at : 2C00 C^cn Parei 0 
s"-a:.-e. cc^-e-c -a -:ra :e :e'*-ss'S *c-otcx.r iL-st S-oicz-.cz st at : 2::0 c ! u!:cn r^c-oira::-: :-.o 
-rarra-.c evtcpatrve ?*ec: c< rerrjss:s :o*'n C n CHO ceiis ;n ^ei E :s r^zz^z^>^\ 31 subunit 'J 

Native secue«ce fS* ■'■) at a d-iucon cf 1 Parei F snews S'- -cmsm-d wit* 3 isomer *->d d-iuted to 
: 2000: the e^ect cf CHO ceil custe'-ng arrears ust as dramanc as w-t.- -ative 
--vs'ta* oei r ?S'jits 'accvei sncw^g refctexm association witn 3 
= a«o» g .I'ljcT'a'.es '"2: Ar-9— lvs mutant Si'"*- tv t seif has nc - 
3Ck C. u O z°. ; c:-s*e'~c a: a ' "^20 d'luven >f hc-ic-tcxm 4 :*r?c 

- -myo^ticn ' z c^-stertrc <= H ?ct rv t-~e a.-aiog S * 3cec:es aco 
cy <:sei # at ,w e same dilution f^anei ft. 
'i.-itsa! exce-mont s - ave cee n mace to ruanrtate the effective ccnce"T'a!;cn cf : w e va'-ous ce'tu: 
• oec-es reduced ' 2 e-c-t CHO reM c^uste^o phenomenon ='<?■. -rv~a*7 -e?-j::s -oxa:? • 
cofT:r ,o'c:al rervjssis tox'n and noiptcxm ccrrammg 'ecompi-ant S-'- can ta'jse -911 c-s 
ccncentrations as 'cw as 025-0 20 ng/ml; m contrast, holotcxm containing the 3' - -4 ana-cg S 
concentrations cf at -'east 10-25 ng/ml 



"?!C!C*»n and 5UCC 
■gemor and ""9 'eccmcnan! 5 ' 
?**?c: c" ;ne C'-^C ce;'s - h s" 
*'.? Si c*2 c: a~ : r : 70- 

jars r.eg' cc e who* c*m-a'ec 



'ts '^e 

.vs :rq 



- = — e 



:px;n 
at oc — 
; r, rg at 
ecuired at 

m order to induce the c!us:e r :ng e^ect. 
hese results conftrm mat the cytotoxic e^ect c' oenuss'S toxin resides tn .ts Si s jbun.t moietv a-d that ;t is 
c:rect!y '■e'ated to its enzymatic activities. More imoortantiy. these excenmerts demonstrate that a relatively 
non-toxic cerussts toxm molecule can be formed from specific recomciran; --x-n suo'-n«»s denved by 
site-d ,f ec?ed mutacenes'S 

it is intended that the oresent invention include a'l such modifications and imcrcvements as cc^e with:n the 
scooe of the oresent invention as claimed. 

'ho features disclosed :n the foregoing descnction. m the following claims and'er in the accr-ra-.yirg 
drawings may, both separately and in any comomation thereof, ce material for rea'-smg :he invent-on m d-.erse 
'orms thereof. 



Claims 



ores a 
15 ; .» o o 



:x.c:r Y 
'evide 

?d cv 

' CJilv 

:rs -t 



1. A recombinant ONA molecule comonsmg at least a portion encoding subumt Si of :r.e Scrde'e"a 
exotoxin, or a fragment or derivative of said portion, wherem said oonton or fragment cr denvative en: 

J0 polypeptide having a b-oiogical activity wh.ch (a) can elicit toxm-neutraiizmg levels of ant bodies and - t\ 
of enzymat'C activity associated with tdxm reactogemcity. 

2. The recombinant ONA molecule cf claim 1 wherem said portion encoding said coiyDec:<de 
comprises a maior eoitcoe known to be tmoortant m providing immunoorctection aga<nst oertuss*s : 

3. The recombinant ONA molecule of claim 1 wherein said toxm-neutraiizmg levels of annbecres ; 
j$ immunoorotection against pertussis toxicity. 

4 The recombinant ONA molecule of claim 1 wherem said b»olog>cai activity of it>l -s :ca.' 
site-soeoric mutagenesis resulting in an analog of subumt S1 wmcn is substantially mac::ve e-:vm a 

5 The recombinant ONA molecule of Cairn 4 wherem said S1 subunit comprises sne-scec^ c — .-a* 
the S1 subunit m the rog, 0 n bounded by valine 7 and prdJinT" i4^)nciusive!v. 

:Q 5. The recombinant ONA molecule of claim 5"where»n said s^'scecif»c mutation cecums at :-e ? 
sue. 

7 The recombinant ONA molecule of claim 6 wherem argmme 9 »s replaced .vm "vs-ne 
3 The 'eccTbmant ONA molecule of c:aim 1 wherem said Borcete'la exotoxin % se'ectec 
consisting ct B pertussis . B parapertussis , and 3. bronchisect'ca . 
.•i 9 An analog ot SoroeteMa eioioxm S1 subumt. said analog navmg a Otoiog'cai activiiv ■.^■c v 

•cim-r.eutrai»2'ng feveis 01 antibodies ana (b) enzymatic activities associated win texm rear. re-'-" - 
:0 The araiog of claim 9 wherem sa»d analog further comprises at least one maior ep-tcce -r r ...- 
mcortant m providing immunoorotection agamst Bordete'la toxicity 

n Tne ana'og of claim 9 wherem said toxm-neutraitzmg teveis cf antibod'es =rcv!de '^ n -*"' 
agamst Sorcetei'a toxicity 

12. The anaicg of claim 9 wnerem said biological activity of it> .s octamed by s-te-spec i'C * 
•esuii.ng n said analog being sucstantiaiiy inactive enzymatica'tv 

^ >e ana>cc cf c:a«m 12 wherem sa-d Si subun-t comprises site- specie mutagens cn^e? 1 { 
'eo-cr ccjnded dy valine 7 and croime 14 <nciuS'veiy. / - N 
ri *i analog of caim 13 where-n sa<d sne-specific mutagenesis ccc-'S at the arctn.r^? * •« 
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is The analog of ciarm u where<n aramme 9 <s reciaced w»m lysine 

IS! The analog of da.m 9 wh^e.n sa.d Bordete»»a e*o:o*.n .s seiecred T 0 m .he grouo «n 5 .si.ng of 9 
nprtussis B oaraoe p tuss'S and B troncniseotica. 

S frW a n a ,o S =t c-a.n, 9 wh„e.n sa.d am.nc-.erm.nus mctudes a --r.cnywaiv. seouenc* 
* An an al oa c» Borae^'a exc.cn 5uD un t , Si sa.c analog zzr-z-w? *™o ac.d ^cuence as 

^t'^o^'a^:-- — a ^o-caHv-^^red S" ^r, — ,a^ a 
; :.e,,«. ac°,v ,a": ,.. c t : :x..~e,tra..:~ 3 C .n.t:: « a^c >•« * e- S v™.c ac-, 
3S?cc alec -v.:h - : < ~. ^ _ ... 



-v^ir* n-ji::':"}r:r aca-nst = :-cete- ! a *-»-c::v 

Zi. - 3 rc.« .ac:-« :^ 2- wne-n , M *v--s : , -es « 

■he ^crover 3cc:.-e r< ;:a.n ? -.vnerein sa-d io'cgxai ac:»v .• * - 3 ,n *- 



:3. 



:3. Tho .-=rcved .ac:-e c< c'ai"- ZZ -.vr?'?- <a-:J s=:s-ssec':c Tu!ars~<!Sis 



^ -v 0 x —~*z J»'C- of ::a^ 2: *oer 9 .r «a<o a.tMceciftc r-.u:age-«.s >s electee : = ar;---'* r i - 
25 The .morcvec vacc:-e c< claim 2^ wnere.n aremtne 3 .s reciaced w.n :vs>ne. 

£ The proved vacc:r^^^^ e ^« ~ s s " • * 

2 7 .hi .mercvea =: ca im '3 'urtner .nc.ustng at :eas. one of said s.ouhi.s S*. So. £- anc S= arc" 

•^i*tnrp« thereof of So'de!?"a exotoxin. _ _ 

2 9 .ior^ v.c^ra*rn 25 wnere.n a, .east one cf sa,d suf.n.ts S2. S3. Si and S=. and m „« u r„ 
thereof, of B ordete"a exotoxin is genetically engmeereO. 

29 Pi e im proveo va ce.ne of cfa.m 19 wnere.n sa.d genet.cally-eng.neered subun.ts S2. Sj. S* ana SS are 
.«reVsed as non-tusicn c^te-ns .n recomb.nant hosts se.ected from the grouos consisting of E_^2i- §. 
ceriv lS1 ae Saimen eHa tvph.rnur.um . Salmonella typhi . Bacc.llus sp. and vaccima. 

^Sg^ moroveovaccneot claim 9 wnere.n sa.d genetically-engineered suDun.ts S2. S3. SA «ne I SS ,ne ude 
aniogs of subun,. S S2. S3. S4 and S5 which have retained the-r ability to e.ict toxm-neutrahnng leve.s ot 

a ^ ib A < ;ec S om 0 ,nan« SNA molecule comprising a, leas, a portion encoding subuni, S2 of B^e^ «oto««r. or 
a fragment or der.vat.ve of sa.d pon.on wherein the fragment or denvat.ve encodes a peptide ce.ng a 

Ta"^™; ONA 0 molicu,e c=mons,g a, ,eas, a portion encoding subun,, S3 o, 9^ exotoxin c, 
a ugment or derwat-ve of sa.d ponon where.n the fragment or der.vat.ve encodes a peptide Demg a 

ormc'Icule compr,s,g a, a port.on encoding subun., S- of Sorde^ exc^ or 
a fragment or derrva.ive of sa.d oort-on wherein the fragment or denvat.ve encodes a pept.ee temg a 

T^cSri ^cTecl U .e co'monsing a, -east a port.on encoding subun, S5 o, Bo^ exo.x, or 
a fragme" or denvat.e of sa.d port.on wnere.n the .ragmen, or -e-ivative encodes a peptide Se.ng a 
methiomne-mature analog of subunit S5. 
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